Introduction
Many different types of interferometry are used in plasma physics research; broadly speaking these interferometers can be grouped into 2 classes -spatially resolved or 'imaging' interferometers, and temporally resolved interferometers that sample fringe shifts at a whether the plasma density is increasing or decreasing at any particular time, as well as providing increased accuracy. These needs can result in such interferometers being extremely large and expensive, though they offer incredible accuracy. A good example of such a system is the two colour heterodyne interferometer used extensively at the Naval Research Labs [5] . Here, the addition of a second colour allows the contributions to the phase shift from neutral density gas and electron density in the plasma to be extracted.
In the last 10-20 years, fibre optic systems used in the telecommunications industry have developed immensely. This has enabled the development of fibre based interferometry systems such as [6] . These have offered the potential for portability, whilst reducing costs associated with needing extremely stable optical tables for mounting multiple mirrors.
Operating typically at 1550 nm, the sensitivity of the interferometers to changes in plasma density is increased compared with many open beam systems operating at 532 or 652 nm.
However, most fibre-based interferometers operate using single mode fibres and have no simple 'quadrature' like system for discriminating increasing or decreasing densities. This can lead to confusion during analysis.
In this paper we describe a new type of fibre based interferometer that has been developed to study the evolution of plasma from a 'cable gun' (also referred to as a "plasma gun") -a simple coaxial arrangement of radial electrodes separated by a Teflon insulator, which, on the application of high voltage pulse ablates to form a wide jet of plasma [7] . Rather than using single mode fibre-optics, the interferometer relies on polarising optics and employs an 'in fibre' triature (aka three-phase) system to provide an unambiguous signal for data analysis. Figure 1 shows the layout of the triature fibreoptic interferometer (FOI) system, both in schematic and photographic form. 
Apparatus

Analysis of data
The interferometer measures the change in optical path length caused by the change in refractive index of the material under study.
An increase in neutral density leads to an increase in the refractive index, whereas an increase in electron density leads to a decrease.
In highly ionised plasmas, the increase due to the neutrals and ions is small compared to the decrease due to the free electrons, and so can (1 ns cf. 4 µs).
Typical line-integrated electron density traces calculated from the outputs are shown in Figure 4 , and demonstrate the sensitivity of the interferometer (n e ~ 10 14 /cm 3 ), the relatively low noise level and the repeatability of the plasma gun. These data were obtained using the Thor Labs detectors, and so do not show the improvements attained by fielding the Miteq detectors, which exhibit a higher SNR. During the discharge, the raw triature data shows large amplitude, short duration artefacts on all 3 channels, as can be seen in Figure 5 . The frequency of the spikes corresponds to the half-period of the current source, as shown in Figure 7 , and the spikes only occur after the first maximum in electron line density. Figure   8 shows a current trace from the rapidly damped system used in the initial testing. 
Future work
Now that the interferometer is well understood, work has started on characterising and optimising the output from different plasma gun designs. It is felt that the interferometer is suitable for use as the main diagnostic in the study, and further channels are planned to be deployed, allowing the measurement of plasma density along multiple chords in a plane. A spatially resolved interferometry system will also be fielded in parallel with the fibre interferometer to enable a more complete picture of the density distribution to be obtained in each experiment.
The plasmas obtained in these and many other experiments may only be partially ionised, and so we plan to modify the system to include a second wavelength to allow two colour interferometry [2] . Work will also continue to further understand the nature of the "density spikes" shown in Figure 6 . We intend to perform spectroscopic analysis of the optical emission of the plasma, to investigate the species present at different times during the discharge.
Finally we are looking at ways to further ruggedize the system, such as built-in heating and splicing the components to overcome losses at the connectors.
